Studies have shown that the soluble C-X-C chemokine ligand 16 (CXCL16), a scavenger receptor for oxidized low-density lipoproteins, plays an important role in acute coronary syndrome with atherogenic effects. This study aimed to discover the association between circulating CXCL16 levels in hemodialysis patients (HD patients) with cardiovascular disease (CVD). In this crosssectional study, we enrolled Two hundred twenty subjects, which included 82 HD patients, 70 HD patients with CVD, and 68 healthy controls, who were referred to the Ali Ebn-Abitaleb Hospital, (Rafsanjan, Iran) from Sep 2014 to Feb 2016. Serum CXCL16 levels were measured by ELISA and other clinical parameters were examined based on standard methods. Our results indicated that serum CXCL16 levels were significantly increased in HD patients with CVD when compared with HD patients without CVD and healthy subjects (p < 0.05). Findings of this study demonstrated that the serum level of CXCL16 can be a potential predictor for the diagnosis of cardiovascular disease in HD patients.
INTRODUCTION
One of the most significant causes of morbidity and mortality in patients with chronic kidney disease (CKD), primarily among hemodialysis (HD) patients, is atherosclerotic cardiovascular disease (CVD). Mortality risk induced by CVD in end-stage renal disease patients is ten to forty times higher than that for the general population 1, 2 . Accordingly, the evaluation and prevention of CVD are major goals for managing patients with end-stage renal disease (ESRD). The most common CVD risk factors: male gender, older age, systolic hypertension, diabetes mellitus, obesity, smoking, dyslipidemia, and positive family history for CVD, occur most frequently in patients with CKD, but these risk factors cannot entirely explain the elevated CVD risk for HD patients. The atherosclerotic process may be accelerated by particular metabolic changes, or other as-yet unknown factors, co-occurring with the development of renal dysfunction 3, 4 .
One member of the group known as scavenger receptors is CXCL16. Based on atherogenesis studies, this chemokine appeared to be the primary receptor for oxidized low-density lipoproteins (oxLDLs) [5] [6] [7] . CXCL16 has been found to be expressed by lipid-laden macrophages in the intima of atherosclerotic plaques harvested from coronary samples or carotid endarterectomies but was not discovered in normal aorta, endothelial, or smooth muscle cells 8 . Several studies showed that CXCL16 could have played an essential role in the development of atherogenic effects in vivo, through endocytosis of oxLDL and activation of proinflammatory mechanisms following ligand binding 7, 9, 10 . For example, in patients suffering from acute coronary syndrome, CXCL16, as one of the possible risk factors, can be associated with longterm mortality 11 . Further, elevated circulating soluble CXCL16 levels are typically regarded as biomarkers for inflammation and atherosclerosis 12 and have been found in acute coronary syndromes, chronic artery disease, and acute stroke (13, 14) . This type of CXCL16 (soluble CXCL16) was associated with increased serum levels of triglycerides, C reactive protein (CRP), and with lower HDL-cholesterol.
In addition, CXCL16, when expressed in podocytes, act as a scavenger receptors for oxLDL in the pathology of glomerular kidney diseases, particularly membranous nephropathy 15 . For example, oxLDL was related to severe renal injury caused by generation and hypercholesterolemia after unilateral ureteral obstruction, when CXCL16 levels were increased 16, 17 . The results of recent studies supported the idea that serum CXCL16 levels were significantly increased in CKD and gout subjects and were independently linked with renal dysfunction 18, 19 . These findings indicated that CXCL16 played a crucial role in the pathogenesis of cardiovascular diseases in HD patients. Therefore, the main objective of the present study was to determine the relationship between CXCL16 and CVD in HD patients.
MATERIALS AND METHODS

Subjects
In this cross-sectional study three groups of subjects, consisting of HD patients (n=82); HD patients suffering from CVD (n=70); and healthy volunteers (n=68) who were referred to the Ali EbnAbitaleb Hospital, Rafsanjan, Iran, from Sep 2014 to Feb 2016 were included in the study. The present research was performed in accordance with the guidelines of the Helsinki Declaration on Human Experimentation. This study was approved by the ethics committees on human research at the Rafsanjan University of Medical Sciences, Rafsanjan, Iran, and all of the subjects provided informed consent.
Inclusion criteria
All patients undergoing HD received conventional dialysis treatment for 3 to 5 hours, three times a week, using a standard bicarbonate dialysis solution. Clinical evidence of subjects showed that none of them had malignant diseases or overt infections. Also, estimated glomerular filtration rate (eGFR) <50 ml/min, having two years of dialysis, no mental illness and ability to communicate were other inclusion criteria for HD patients.
The medical history of all participants were investigated to determine the existence of CVD of several different types on the basis of standard medical diagnosis criteria. First, symptomatic stroke was confirmed by magnetic resonance imaging and/or computed tomography. Second, on the basis of raised levels of cardiac enzymes, ischemic heart disease, including myocardial infarction, was diagnosed. Third, angina pectoris and its typical electrocardiography changes were determined without coronary intervention (coronary artery bypass grafting or percutaneous coronary intervention) along with elevated cardiac enzymes. Last, symptomatic peripheral vascular disease was confirmed by computed tomography angiography and/or lower-limb angiography.
Control group were selected from volunteer donors of Rafsanjan Blood Transfusion Center. None of the control subjects had a history of renal disease, hypertension, diabetes mellitus, or CVD, and none were using any medications 6 weeks before the study. Exclusion criteria for control subjects were eGFR <50 ml/min, hsCRP >1.5 mg/ L, or any chronic illness likely to affect markers of inflammation.
Blood analysis
After blood collection, separated serum was immediately frozen and stored at -80° C until the time of the assay. Serum creatinine, total cholesterol, albumin, and C-reactive protein (hs-CRP) were measured using a Hitachi 912 autoanalyser (Hitachi, Mannheim, Germany).
CXCL16 assay
The CXCL16 serum levels were measured by ELISA (R&D system, Minneapolis, USA), according to the different groups of patients and healthy controls after blood collection. Assays were conducted according to manufacturer's guidelines. The sensitivity of the kits was 2 pg/ml, and inter-and intra-assay assessments of reliability of the kit were conducted (CV < 15% and CV < 0.05%, respectively).
Statistical analyses
The results were presented as the mean (±SD). Statistical analysis of the differences between 
RESULTS
Anthropometric parameters and the biochemical indices of HD patients without CVD, HD patients with CVD, and healthy subjects are described in Table 1 . Results of this study demonstrated that e GFR and albumin were decreased significantly in patient groups in compare with control group (p<0.01). In addition, hsCRP, Systolic blood pressure were significantly increased in HD patients suffering from CVD in comparison with HD patients without CVD and normal subjects (p<0.01). There were no significant differences in total cholesterol (control: 173.7±15. Also, our data showed that fasting serum CXCL16 levels were significantly increased in HD patients with CVD (2.67 ±0.34 ng/ml) compared with healthy subjects (1.1 ±0.14 ng/ml, p < 0.05). Additionally, circulating CXCL16 in HD patients with CVD were also significantly increased compared with HD patients (1.48 ±0.21 ng/ml) (p < 0.05). (Figure 1) . Additionally, as shown in table 2, an increase in CXCL16 serum level (OR, 1.00; 95% CI, 1.09 to 1.39; P 0.01) was identified as an independent factor associated with the prevalence of CVD in HD patients.
DISCUSSION
In this study, the aim was to explore the association between CXCL16 levels and CVD in HD patients. Present findings affirmed that the serum CXCL16 levels may reflect chronic inflammation in CVD and HD patients. Moreover, CXCL16 may be considered as a pro-inflammatory factor for diagnosis of CVD in HD patients, as supported by these findings. First, serum CXCL16 levels were significantly increased in HD patients with CVD in comparison with healthy subjects. Second, there was a significant difference in serum CXCL16 levels between HD patients and HD patients with CVD. In addition, our findings showed that the serum level of CXCL16 was identified as an independent factor associated with the prevalence of CVD in HD patients. The pathogenesis of atherosclerosis, which causes CVD, is characterized by the presence of subclinical chronic inflammation 20 . Generally, high circulating soluble CXCL16 levels are regarded as an atherosclerotic and inflammatory marker 12 and have been detected in acute stroke, acute coronary syndromes, and chronic artery disease 13, 14 . Lehrke et al. reported that patients with acute coronary syndrome and chronic coronary artery disease had higher plasma CXCL16 levels than controls. Soluble CXCL16 correlated with lower HDL-cholesterol and higher CRP 12 . Earliest studies in humans have provided conflicting evidence about CXCL16 and its roles in atherosclerosis. For instance, Sheikine and colleagues showed that in post-MI patients, there were no significant associations between CXCL16 21 . Despite conflicting reports, our findings provide support for CXCL16 as a proinflammatory factor in patients with CVD. Additionally, chronic inflammation is a frequent characteristic of CKD, and approximately 30% to 50% of predialysis, HD, and peritoneal dialysis patients have serologic indications of an activated inflammatory response 22 . Serum levels of CRP, the prototypical acute phase reactant, have been shown to be principally high in patients with renal function failure 23 . Recently, findings of cohort research on more than 1,000 patients with CKD followed over 2.5 years showed that the highest CRP quartile was related with a two-fold increase in the risk of cardiac death 24 . Thus, chronic inflammation was closely linked to atherosclerosis in HD patients 25 .
CXCL16 has been extensively studied in human cardiovascular disease in patients without CKD, but this research program was the first study to compare the serum levels of CXCL16 within different groups of patients suffering from both CVD and HD patients (21, 26, 27) . Nevertheless, no costaining was provided to clearly establish which cells expressed this chemokine, and no image for normal vessels was presented. Consistent with our results, Lehrke et al. showed that patients with acute coronary syndrome had lower plasma CXCL16 than those with chronic coronary artery disease, and both groups had higher levels than healthy subjects. In addition, results of the previously mentioned study indicated that soluble CXCL16 correlated with lower HDL-cholesterol, higher triglycerides, and higher CRP 12 .
In another case-controlled study, both stable and unstable angina patients' levels of CXCL16 were increased compared to healthy controls 28 . Plasma CXCL16 steadily increased in the first days after acute ischemic stroke. These findings reemphasized that an increase in CXCL16 from days one to four after a stroke can be a predictor for all-cause and cardiovascular mortality in stroke patients 14 . Conversely, few studies reported lower levels of CXCL16 in patients with CVD 21, 27 . There was rare data on circulating CXCL16 during human kidney injury, but most studies showed that kidney, urinary, or circulating CXCL16 were amplified in various stages of human kidney injury [29] [30] [31] . For example, Lin et al. reported that circulating CXCL16 was higher in CKD patients compared with healthy controls. In fact, plasma CXCL16 levels were 2.5 times higher in CKD subjects than in healthy controls. Further, urinary CXCL16 was inversely correlated with creatinine clearance and positively correlated with CRP and CXCL16 plasma levels 32 . These findings revealed that CXCL16 levels increased in HD and CKD patients; therefore, checking such patients for heart problems, specifically CVD, should be routinely performed. Main strengths and weaknesses of this cross-sectional study were comparison of the serum levels of CXCL16 in HD patients with and without CVD in comparing to control for the first time and difficulty in interpretation of associations identified, respectively.
CONCLUSIONS
Finally, based on previous studies and our findings, CXCL16 can be considered as a pro-inflammatory factor when evaluated in the circulation or in urine in a variety of pathogenic states including kidneys or the vasculature injury. Though, to date, no standardized methodology or cut-off values to measure CXCL16 are existing. This matter should be addressed before any try to testing the biomarker potential of CXCL16 to influence decision-making and outcome in clinical trials. Furthermore, Interventional and prospective studies are needed to further clarify the association between plasma CXCL16 levels and CVD in CKD and HD patients.
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